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ABSTRACT
We describe supersymmetry breaking by the F-term of a heavy right-handed
tau neutrino with a VEV. Due to the the tau neutrino Yukawa coupling, the
neutralino, chargino and scalar mass matrices and the weak currents are modified.
In addition, there are new cubic and quartic scalar and trilinear R parity violating
interactions. For large tan β these effects may be quite large. The scenario requires
low energy supersymmetry breaking with generic values of F ∼ 1010 GeV.
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1. Introduction
According to the conventional lore, supersymmetry is broken by the nonzero
F-term of a Standard Model singlet in a hidden sector. This breaking is then
communicated to the observable sector, the Minimally Supersymmetric Standard
Model (MSSM), by interactions that couple to both sectors. The most popular of
these mediation mechanisms are due to gravity[1], gauge interactions[2-4], super-
gravity scale anomalies[5] and gauginos[6]. The main motivation for the hidden
sector is the sum rules for the masses of particles with the same quantum num-
bers but different spin[7]. If the supersymmetry breaking sector directly couples
to the observable sector, these rules require very light superpartners that are not
observed. The constraints coming from the sum rules can be avoided if supersym-
metry breaking occurs in a hidden sector and is mediated to the observable sector
by nonrenormalizable interactions or loop effects. However, this does not necessar-
ily mean that the two sectors cannot directly couple to each other but rather that
the main contribution to soft supersymmetry breaking parameters should arise
from loop effects or nonrenormalizable interactions and the direct couplings should
be small enough not to violate the sum rules.
In this paper, we describe a scenario in which supersymmetry is broken by the
nonzero F-term of the right-handed tau neutrino, Nτ = N3, which is assumed to be
much heavier than the TeV scale. In general, all three (very heavy) right-handed
neutrinos may have nonzero F-terms (and VEVs). For simplicity, here we assume
that Ne = N1 and Nµ = N2 have vanishing F-terms and VEVs.
The motivation for this scenario is twofold. First, this is an example of super-
symmetry breaking which does not take place in a hidden sector. In the presence
of right-handed neutrinos, Ni with i = 1, 2, 3, the symmetries of the MSSM allow
neutrino Yukawa couplings, i.e. the superpotential contains the additional terms
yijLiHuNj beyond those in the MSSM. Therefore N3 directly couples to the ob-
servable sector. Second, if, as usual, supersymmetry is spontaneously broken the
nonzero F-term of an MSSM singlet, the most economical choice is to pick a singlet
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that exists in the simplest extensions of the MSSM. This leads us to right-handed
neutrinos which appear in many extensions of MSSM such as SO(10) GUTs or
numerous superstring models rather than a completely new ad hoc singlet.
For the above reasons, we extend the MSSM by adding three (very heavy, i.e
with masses >>TeV) right-handed neutrinos Ni to the spectrum and their Yukawa
couplings to the superpotential. In addition, we assume the existence of a hidden
sector which breaks supersymmetry by the the right-handed tau neutrino F-term,
FN3 6= 0 and gives rise to the VEV N3 6= 0. This is not a strong assumption since
there are many models of supersymmetry breaking by the nonzero F-term of a
massive singlet with a VEV[8].
As we show below, supersymmetry breaking by the right-handed tau neutrino
leads to deviations from the MSSM which are model independent, i.e. independent
of the mechanism that mediates supersymmetry breaking to the observable sector.
In order to stress this point, in this paper, we do not assume any specific mediation
mechanism. In fact, it is highly probable that the real mediation mechanism that
Nature chose is none of the ones that was considered so far in the literature.
Since we assume that the right-handed neutrinos are much heavier than the
TeV scale, they need to be integrated out of TeV scale physics. This can be done,
at the lowest order, simply by replacing the fields by their VEVs and F-terms
where necessary. By assumption, the right-handed electron and muon neutrinos
do not have VEVs or F-terms and therefore integrating them out does not lead
to new effects.
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However, as we show below, integrating out the right-handed tau
neutrino leads to new effects since it has a VEV and F-term.
The VEV of N3, spontaneously breaks R parity and lepton number leading
to the effective bilinear term L3Hu in the superpotential. This term modifies
the neutralino and chargino mass matrices, changes in the neutral and charged
1 If Ni are not much heavier than the TeV scale they also induce effective, nonrenormalizable
four-fermion interactions such as (LiHu)
2 that may lead to new effects. In this paper, we
neglect these.
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currents and induces R parity violating trilinear interactions. In addition, there
are new contributions to some scalar masses, new A and B-terms and quartic scalar
interactions. These changes to the MSSM might be quite large for tanβ ∼ 25− 45
(together with M2 > 280 GeV). As a result, this scenario might be discovered at
the LHC.
This paper is organized as follows. In the next section, we describe the scenario
with right-handed tau neutrino supersymmetry breaking and its predictions such
as changes to the neutralino and chargino mass matrices, modifications to the
neutral and charged currents, new scalar mixings and interactions and induced R
parity violating trilinear terms. Section 3 includes a discussion of our results and
our conclusions.
2. Supersymmetry Breaking by the Right-handed Tau Neutrino
We begin by adding three right-handed neutrinos, Ni (i = 1, 2, 3), to the MSSM
spectrum. The modified MSSM superpotential now includes the neutrino Yukawa
couplings which are allowed under all the symmetries of the MSSM
W = yuijQiHuu¯j + y
d
ijQiHdd¯j + y
e
ijLiHde¯j + y
ν
ijLiHuNj + µHuHd, (1)
where yu,d,e,νij are 3 × 3 Yukawa matrices (in the flavor or generation space) for
the up and down quarks and charged and neutral leptons. This superpotential
preserves lepton number (under which L[Li] = 1, L[e¯i] = L[Ni] = −1) which we
assume to be a discrete gauge symmetry
2
in order to avoid Goldstone bosons when
lepton number is spontaneously broken. The above superpotential also preserves R
parity (again assumed to be a discrete gauge symmetry) if we assign the R charge
R[Ni] = −1 in addition to the usual R charges of the MSSM fields. We note that
trilinear terms of the form NiHuHd which may give rise to an unacceptably large
µ-term are not allowed by the lepton number symmetry.
2 Discrete symmetries are necessarily gauged in string theory or in quantum gravity in which
black hole effects must be taken into account.
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We assume that there is a hidden sector which gives rise to a very heavy (with
mass >>TeV) right-handed tau neutrino with a nonzero VEV and F-term, i.e.
N3 = <N3> + θ
2 FN3 .
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This is our main assumption which leads to all of our
results. For simplicity, we assume that the other two (very heavy) right-handed
neutrinos have vanishing VEVs and F-terms. In this paper, we are not interested
in the details of the hidden sector that breaks supersymmetry since these do not
affect our results. The generalization our scenario to the cases with more right-
handed neutrino F-terms and VEVs is straightforward and will not be discussed
in this paper.
The mediation of supersymmetry breaking by FN3 6= 0 to the observable sector
(by an unspecified mechanism) gives rise to soft masses (for the squarks, sleptons,
Higgs bosons and gauginos)
Lm = (mQ˜)2ij Q˜∗i Q˜j + (mu˜)2ij u˜∗i u˜j + (md˜)2ij d˜∗i d˜j + (mL˜)2ij L˜∗i L˜j (2)
+ (me˜)
2
ij e˜
∗
i e˜j + (mν˜)
2
ij ν˜
∗
i ν˜j +m
2
H(H
2
u +H
2
d) +Miλ¯iλi,
where we did not include the new soft masses squared for the right-handed sneutri-
nos since they are very heavy (due to their supersymmetric masses). In addition,
the scalar potential contains the A (trilinear scalar couplings) and B-terms (bilinear
scalar couplings)
LA,B = AuijyuQ˜iHuu˜∗j + AdijydQ˜iHdd˜∗j + AeijyeL˜iHde˜∗j + AνijyνL˜iHuNj +B1µHuHd.
(3)
Explicit expressions for the soft masses and the coefficients A and B can be ob-
tained only in the context of a specific mediation mechanism. We assume that the
squark and slepton mass squared matrices are such that flavor-changing neutral
currents are suppressed as they are for example in gauge or anomaly mediation.
3 With an abuse of notation, we will use N3 to denote both the field and its VEV in the
following.
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In addition, for simplicity, we assume that the neutrino Yukawa coupling ma-
trix, yνij , in eq. (1) has only one nonzero entry, y
ν
33 = y 6= 0. (More generally we
can take also y1i, y2i 6= 0 since we are setting the VEVs and F-terms of the other
two right-handed neutrinos N1, N2 to zero.) That is, N3 has a Yukawa coupling
only to ντ and not to νe or νµ. Thus, the model introduces three new parameters
(in addition to those in the MSSM) which are the tau neutrino Yukawa coupling
y, the VEV N3 and the F-term, FN3 . We assume that these parameters are real in
order not to introduce new CP violation phases.
Since the right-handed neutrinos are very heavy we can integrate them out,
at the classical level, by replacing the fields Ni by their VEVs and F-terms where
necessary. When N3 6= 0, lepton number and R parity are spontaneously broken
and
WN = yL3HuN3 = yN3(ντH
0
u − τLH+u ) (4)
effectively generates the lepton number and R parity violating bilinear term ǫL3Hu
with coefficient ǫ = yN3. This leads to a number of results that have been studied
in the context of R parity violation[9,10]. Most (but not all) of our results follow
directly from this observation. Below we list the most important predictions of
supersymmetry breaking by the right-handed tau neutrino.
2.1. The Neutralino Mass Matrix : When N3 6= 0, we see from eq. (4) that ντ
mixes with H0u or the neutralinos. Therefore, the neutralino mass matrix becomes
5× 5 and is given by (in the basis B˜, W˜ , H˜0u, H˜0d , ντ )
Mχ˜0 =


M1 0 g
′vu/2 −g′vd/2 0
0 M2 −gvu/2 gvd/2 0
g′vu/2 −gvu/2 0 −µ −yN3
−g′vd/2 gvd/2 −µ 0 0
0 0 −yN3 0 0


(5)
whereM1,M2 (g1, g2) are the U(1)Y and SU(2)L gaugino masses (gauge couplings)
respectively, and vu, vd are the VEVs of H
0
u, H
0
d . The neutralino mass matrix is
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modified from its MSSM form by the new mixing terms given by yN3. A strong
constraint on the magnitude of yN3 arises from the bound on the Majorana tau
neutrino mass. In this paper, we use the bound from accelerator experiments, i.e.
mντ < 18.2 MeV[11,12]. The cosmological bound on stable neutrino masses[12],
Σmν < 1 eV, is much stronger but can be evaded if an MeV scale tau neutrino can
decay. This is expected to be the case when R parity is violated as we discuss in
section 2.7.
One can obtain a bound on yN3 in terms of the tau neutrino mass bound[13]
(yN3)
2 <
4xµ2mντ
v2 cos2 β(xg2 + g′2)− 4xM2mντ
, (6)
where v2 = v2u + v
2
d = (174)
2 GeV2, tanβ = vu/vd and x = 5 tan
2 θW /3. It is
easy to see that, for tanβ ∼ 45 the bound on yN3 is quite large, yN3 < 500 GeV
(depending on µ2/v2 which we assume to be ∼ 1). If in addition, M2 ∼ 280 GeV
there is no upper bound on yN3 since the denominator in eq. (6) vanishes. Clearly
a lower tan β may also lead to an unbound yN3. For example, if tanβ ∼ 25, an
unbound yN3 requires M2 ∼ 1 TeV which we consider to be the upper limit due to
naturalness. As a result, yN3 can be as large as the TeV scale and the corrections
to the neutralino (chargino and scalar) masses may be very large. However, the
tau neutrino mass is only one of many constraints on the magnitude of yN3 and it
is not clear whether such a large value satisfies the other constraints.
2.2. The Chargino Mass Matrix : Eq. (4) also shows that τL mixes with H
+
u or
the charginos. Therefore the chargino mass matrix becomes 3× 3 and is given by
(in the basis W˜+, H˜+u , τ¯R and their charge conjugates W˜
−, H˜−u , τL)
Mχ˜± =


M2 gvu/2 0
gvd/2 µ 0
0 yN3 m3

 (7)
A subtle but important issue is the identity of τL,R that appear in the chargino
basis. These τL,R are the eigenstates of the charged lepton mass matrix, y
e
ijvd, and
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therefore a linear combination of the interaction eigenstates e, µ, τ that appear in
eq. (1). This is crucial for the decay of (the massive) ντ which is required to evade
the cosmological bound on neutrino masses.
Again, the deviations of the chargino mass matrix from its MSSM form are
parametrized by yN3 and can be quite large. Diagonalizing Mχ˜±M
†
χ˜± and de-
manding mτ ≃ m3 gives the approximate analytic formulas for chargino masses
(assuming yN3 >> m3)[13]
M2χ˜+,χ˜− =
1
2
[M22 + 2M
2
W + µ
2 + (yN3)
2] (8)
± 1
2
[(µ2 + (yN3)
2 −M22 − 2M2W cos 2β)2 + 8M2W (M2 sin β + µ cosβ)2]1/2.
We note that yN3 enters the mass formulas in way very similar to µ and chargino
masses reduce to their MSSM values forN3 = 0. When N3 6= 0 the smaller chargino
mass increases relative to its MSSM value.
2.3. Neutral and Charged Currents : In order to obtain the physical mass eigen-
states, the neutralino and chargino mass matrices have to be diagonalized, which
means that the mass eigenstates are linear superpositions of the interaction eigen-
states. Thus, diagonalization of Mχ˜0 gives rise to a 5× 5 neutralino mixing matrix
N, and that of Mχ˜± to 3×3 left and right-handed chargino mixing matrices U and
V. These mixings lead to deviations of the neutral and charged currents from their
MSSM form. The neutral currents are now given by[14]
Lχ˜+χ˜−Z0 =
g2
2 cos θW
χ˜+a γ
µ(PLA
L
ab + PRA
R
ab)χ˜
−
b Z
0
µ + h.c., (9)
Lχ˜0χ˜0Z0 =
g2
2 cos θW
χ˜0aγ
µ(PLB
L
ab + PRB
R
ab)χ˜
0
bZ
0
µ, (10)
whereas the charged currents are given by
Lχ˜+χ˜0W− =
g2√
2
χ˜+a γ
µ(PLC
L
ab + PRC
R
ab)χ˜
0
bW
+
µ + h.c. (11)
Above, χ˜±a and χ˜
0
a are the chargino and neutralino mass eigenstates respectively
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and PR,L =
1
2
(1 ± γ5). The matrices AL,R, BL,R, CL,R are determined by the
mixing matrices N,U,V[14].
As a result, the gauge couplings are no longer universal, i.e. those of the
third generation leptons are different from those of the first two generations. In
addition, gauge interactions mix τ (ντ ) with the charginos (neutralinos), i.e. the
gauge interactions are not diagonal. For example, there are new vertices such as
Z0χ˜±i e
∓
j , Z
0χ˜0i νj , W
±χ˜∓i νj and W
±χ˜0i e
∓
j . Among these vertices, the ones that do
not contain the third generation leptons are suppressed relative to the others due
to the extra charged lepton mixing required for them.
2.4. Induced Trilinear R Parity Violating Operators : Since we assume that R
parity and lepton number are discrete gauge symmetries of the model, the original
superpotential in eq. (1) does not include the R parity and lepton number (∆L = 1)
violating terms
WL = λijkLiLj e¯k + λ
′
ijkLiQj d¯k, (12)
WL above gives rise to the interactions
Lλ = λijk[ν˜iLejLe¯kR + e˜jLνiLe¯kR + e˜k∗R ejLν¯iL − (i↔ j)] + h.c., (13)
Lλ′ = λ′ijk[ν˜iLdjLd¯kR+ d˜jLνiLd¯kR+ d˜k∗R djLν¯iL− e˜iLujLd¯kR− u˜jLeiLd¯kR− d˜k∗R ujLe¯iL]+h.c. (14)
There are 9 λijk due to the antisymmetry of the first two indices and 27 λ
′
ijk terms.
However, the mixing of τL with charginos and of ντ with neutralinos, com-
bined with the gaugino and Higgsino interactions, induce some of the above λ and
λ′ terms[14]. For example, due to the mixing, the gaugino-lepton-slepton coupling
gν˜iLe
i
LW˜
+ gives rise to the interaction gV ∗31ν˜
i
Le
i
Lτ¯R which is of the type in eq. (13)
where λii3 = gV
∗
31 and V31 is an element of the left-handed chargino mixing ma-
trix V . Similarly, Higgsino couplings to the third generation leptons and sleptons
(especially for large tanβ) generate λ and λ′ terms. For example, the interaction
yτ τ˜Lτ¯RH˜d gives rise to the λ333 term yτN35τ˜Lτ¯RντL where N35 is an element of the
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neutralino mixing matrix N . The λ′ terms are obtained in a similar fashion from
the gaugino and (third generation) Higgsino couplings to the quarks and squarks.
Note that in general, a specific λijk or λ
′
ijk term gets multiple contributions from
different mixings and/or gaugino and Higgsino interactions.
There are a large number of λijk and λ
′
ijk terms that are induced from the
gaugino and Higgsino interactions. We do not list them here but discuss a number
of important properties they exhibit.
1) The induced terms have an interesting index structure if we neglect charged
lepton/slepton mixing[14] (and there is only one nonzero VEV N3). If the
mixing is taken into account, all λijk and λ
′
ijk are induced but the ones not
mentioned below are suppressed. The induced λijk have one index equal to 3
(since only the third generation leptons mix with neutralinos and charginos)
and the other two indices equal to each other. Thus, only 4 of the 9 λijk in
eq. (13) are induced. For the λ′ijk, only terms with i = 3 are induced for the
same reason above. Thus, only 9 of the 27 λ′ijk in eq. (14) are induced.
2) There are new induced λ and λ′ terms that do not appear in eqs. (13) and (14)
since they are not invariant under SU(2)L[14]. These terms have “wrong”
helicity structures such as RRL or LLL which are not gauge invariant. For
example, the gaugino interaction ge˜iLe
i
LB˜
0 gives rise to the term gN15e˜
i
Le
i
LντL
with the LLL structure where N15 is an element of the neutralino mixing
matrix.
3) From eq. (13) it is clear that λijk are antisymmetric in the first two indices
i, j. This is not the case for some of the induced terms. For example, the
term we considered above (induced by the gaugino interactions), gV ∗31ν˜
i
Le
i
Lτ¯R,
has the first two indices identical and therefore symmetric (again in violation
of SU(2)L). These terms and the ones with the “wrong” helicity structure
give rise to new lepton number violating operators that are absent in the
conventional R parity violating version of the MSSM.
4) The coefficients of all induced lepton number violating operators are calcula-
ble[14]. For given values of the parameters yN3 and yFN (in addition to the
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MSSM parameters), we can diagonalize all the fermion mass matrices and
using the mixing matrices U,V,N, obtain all the coefficients of the induced λ
and λ′ terms.
5) Operators that violate baryon number such as u¯iRd¯
j
Rd¯
k
R are not induced. This
is fortituous since the bounds on the coefficients of baryon number violating
operators are extremely strong.
2.5. New Scalar Interactions : In the scalar sector, the Higgs doublets Hu =
(H+u , H
0
u) and Hd = (H
0
d , H
−
d ) now mix with the slepton doublet L˜ = (ν˜τ , τ˜)L and
τ˜R. These 14 real fields are divided into three neutral scalars, three pseudoscalars
and four charged scalars (and their conjugates). Out of these, one neutral and
two charged scalars are eaten by the gauge bosons through the Higgs mechanism
leaving 11 real fields: two neutral scalars, three pseudoscalars and three charged
scalars.
The complete scalar potential arises from the F-terms, A and B-terms and
the SU(2)L and U(1)Y D-terms. We do not explicitly write it here since it is too
cumbersome[14] and our only aim is to highlight the differences between the scalar
potential in our scenario and that of the MSSM. As we discuss below, in our sce-
nario, there are new contributions to the diagonal and off-diagonal elements of the
scalar mass matrices that modify scalar masses and the conditions for acceptable
electro-weak symmetry breaking. In addition, there are new trilinear and quadratic
scalar couplings that are absent in the MSSM.
Due to the neutrino Yukawa term in the superpotential, there are new con-
tributions to the scalar potential. The new terms coming from |FN3 |2, |FL3 |2 and
|FHu |2 give rise to
Vs = y
2|N3|2(|ν˜τ |2 + |H0u|2 + |τ˜L|2 + |H+u |2) + y2(|ν˜τH0u|2 + |τ˜LH+u |2 (15)
− ν˜τH0uτ˜LH+u + h.c.) + yFN3(ν˜τH0u − τ˜LH+u ) + h.c.).
The first term in eq. (15) gives new contributions of y2N23 to the scalar masses
squared m2Hu , m
2
τ˜L
, m2ν˜τ beyond the soft masses. The second term describes new
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quartic scalar interactions of strength y2 which do not appear in the MSSM. The
third term arises from FN3 6= 0 and gives rise to new mixings between either ν˜τ
and H0u or τ˜L and H
+
u . This contributes to the B-term for the effective bilinear
term B2ǫL3Hu (where ǫ = yN3) with B2 = FN3/N3. There is also the A-term
arising from the tau neutrino Yukawa coupling, AyN3L3Hu which gives another
contribution B2 = A so that overall we have the effective B-term B2 = A+FN3/N3.
In addition, there are new contributions to the scalar potential coming from
the mixed terms. These new bilinear and trilinear scalar interactions are given by
Vs = yµN3(L˜3H
†
d + h.c.) + yy
u
ijN3(Q˜iu˜
∗
j L˜
†
3
+ h.c.) + yyτN3(H
†
uHdτ˜
∗
R + h.c.). (16)
The first term is another slepton-Higgs mixing term that contributes to the off-
diagonal elements of scalar mass squared matrices. This can be seen as a new
B-term without a corresponding term in the superpotential in eq. (1). The last
two terms are completely new trilinear scalar interactions (A-terms) which do not
arise from terms in the superpotential, i.e. from those in eq. (1) or the trilinear R
parity violating terms in eq. (12). We note that these new A-terms have coefficients
that are not free but fixed to be (yu, yτ ) yN3.
2.6. The Lightest Supersymmetric Particle (LSP) : In the R parity preserving
MSSM, the LSP has to be charge and color neutral for cosmological reasons and
therefore is expected to be the lightest neutralino, χ˜01. On the other hand, when
R parity is broken the LSP might be a neutralino, chargino, squark or slepton.
Moreover, due to the spontaneous R parity breaking (or the explicit breaking by
the induced ǫL3Hu term), the LSP is no longer stable. If the LSP is still a neutralino
and mχ˜01 > MZ , then it decays into τ
±W∓ and Z0ντ due to gauge interactions
whereas if mχ˜01 < MZ its decays are into τf f¯
′ and ντf f¯ (where f is a quark or
lepton) due to λ and λ′ interactions. For example, a light neutralino LSP that is
mainly γ˜ with a dominant coupling λ′131 has a decay rate[15]
ΓLSP =
3αemλ
′ 2
131
128π2
M5LSP
m4
f˜
, (17)
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where mf˜ is the mass of the intermediate sfermion in the decay.
Whether the LSP decays inside the detector depends on its mass and the
strength of the its interactions. For example, for the light neutralino LSP above,
the decay length (in meters) is given by[16]
L = 3× 10−3(βγ)
(
mf˜
100 GeV
)4(
1 GeV
MLSP
)5(
1
λ′ 2
131
)
, (18)
where γ is the Lorentz factor. If χ˜01 does not decay inside the detector, its behavior
in the lab is identical to a stable LSP. However, for all phenomenologically relevant
values e.g. for λ, λ′ > 10−20 the neutralino LSP decays during the lifetime of the
universe and can no longer be the dark matter.
2.7. Neutrino Masses : As we saw in section 2.1, in order to get yN3 ∼ 500 GeV,
it is crucial to use the lab bound mντ < 18.2 MeV[11,12] in eq. (6). However, the
cosmological bound on the neutrino masses, Σmν < 1 eV[12], is much stronger.
This bound can only be evaded if ντ is not stable[17] which is precisely the situation
when R parity is broken. For example, due to the induced trilinear R parity (and
lepton number) violating interactions ντ can decay through ντ → χ˜0∗1 ν˜∗τ followed
by (for small masses) χ˜0∗1 → W±∗e∓ → e−e+νe and ν˜∗τ → e−e+. Thus, the
overall decay is ντ → 2e− + 2e+ + νe. In our scenario, the above χ˜01 decay is only
possible due to charged slepton (τ˜ -e˜) mixing. The source of this mixing is either the
diagonalization of the charged lepton mass matrix, yeijvd in eq. (1) or the slepton
soft mass matrix in eq. (2) which in general is not diagonal. In addition, there may
be other ντ decay channels depending on mχ˜01 and the complete list of induced λ
and λ′ interactions. Whether the cosmological bound is evaded due to the decay
of tau neutrinos depends on the magnitude of the induced trilinear couplings and
the amount of charged lepton and slepton mixings. Since all that is required is a
ντ lifetime which is less than the that of the universe, even very small λ and λ
′
couplings are sufficient for our purposes.
When R parity is broken, neutrino masses are also generated radiatively by
one-loop diagrams involving the λ and λ′ interactions[9, 10]. The strongest bound
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arises from the νe mass, mνe < 2.2 eV [12]. This, in turn, gives rise to the bounds
|λ133| < 9.4× 10−4 and |λ′133| < 2.1× 10−4 (for mν = .30 eV and sparticle masses
of ∼ 100 GeV)[10]. In our scenario, these strong bounds can be satisfied since
λ133 and λ
′
133 are suppressed due to the very small charged lepton and/or slepton
mixings that are required. We conclude that one-loop neutrino masses do not pose
a problem for our scenario.
2.8. Parameters and Scales : If we make no assumptions about the mediation
mechanism of supersymmetry breaking, the neutralino and chargino mass matrices
contain the six parameters M1,M2, tanβ, µ, yN3, m3. If we know all the eight
neutralino and chargino masses we can determine these six parameters (In fact
there have to be two relations among them.). Note that the only way to determine
y is by measuring the new quartic scalar couplings since that is the only place y
appears on its own. In order to determine yFN3 we need information about the
scalar masses since yFN3 appears only in the scalar mixing terms.
The new parameters y, yN3 and yFN3 are somewhat constrained even without
any assumptions on supersymmetry breaking mediation mechanism. In order to
avoid a large Dirac tau neutrino mass, y has to be quite small, y < 10−4. Such
a small Yukawa coupling is not natural in the ’t Hooft sense, i.e. the symmetry
of the model does not increase when the coupling is set to zero. On the other
hand, we know nothing about the physics that determines the Yukawa couplings.
Moreover, the electron Yukawa coupling certainly shows that these can be very
small, e.g. ye ∼ 10−5. Thus, y ∼ 10−4 is not such an unreasonable assumption.
For TeV scale soft masses with no fine-tuning, we need yN3 < 10
3 GeV and
yFN3 < 10
6 GeV2 which in turn give N3 < 10
7 GeV and FN3 < 10
10 GeV2.
We see that the effective supersymmetry breaking scale has to be relatively low
which can be easily accomodated in gauge and anomaly mediation mechanisms.
However, it is very hard to naturally realize this in gravity mediation due to the
much larger supersymmetry breaking scale in that scenario. Of course, by taking a
much smaller value for y we can increase the scales of N3 and FN3 but this makes
the model less realistic.
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2.9. Signatures of the Scenario : Consider a different scenario with just the bilinear
term ǫL3Hu added to the MSSM superpotential (with no right-handed neutrinos
and supersymmetry breaking by another singlet). Most of the signatures of this
scenario are identical to the ones discussed above. On the other hand, in this case,
there are no new scalar interactions, i.e. the A-terms and the quartic interactions
in eqs. (15) and (16) are absent. (The extra contributions to the scalar masses
squared are also absent but it is very hard to disentangle these from the regular
soft masses.) Since y < 10−4 the quartic interactions are probably very hard to
detect. However, the two scenarios differ by the new A-terms, i.e. the new trilinear
scalar interactions which are quite large especially for the third generation squarks
and sleptons with large Yukawa couplings.
Another possibility is a scenario in which right-handed tau neutrinos get VEVs
and effectively generate the ǫL3Hu term but supersymmetry breaking is due to
another singlet. This case reproduces all our results except for the corrections to
the scalar mixings which arise from FN3 . Thus, in general, distinguishing between
these two scenarios requires the knowledge of scalar mixings in detail. This task
becomes easier in the context of a specific mediation mechanism which determines
the soft masses and A and B-terms. For example, in gauge mediation, all squark,
slepton and gaugino masses are given in terms of one variable, Λ = FN3/N3. In
addition, all A-terms vanish (or are very suppressed). Λ which can be easily fixed
by, for example, the squark masses is exactly the ratio between the two parameters
introduced in our scenario, i.e. Λ = yFN3/yN3. As we argued above, yN3 and
yFN3 can be determined separately from the physical sfermion and scalar masses
respectively. Their ratio tells us whether supersymmetry is broken by the F-term
of the right-handed tau neutrino (assuming gauge mediation). Alternatively, in
this case we find B2 = Λ so determining the scalar mixing terms in eq. (15) is
crucial for experimentally verifying our scenario.
Finally, the variation of our scenario in which supersymmetry is broken by
the right-handed tau neutrino with a vanishing VEV is very hard to distinguish
from one in which supersymmetry is broken by another singlet. Since N3 = 0 in
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this case, R parity and lepton number are not spontaneously broken and therefore
neutralino and chargino mass matrices do not receive corrections, neutral and
charged currents are not modified and there are no new A-terms. The only new
effects are the new B-terms, i.e. the scalar mixing terms mass given by eq. (15)
which may be large and determined from the physical scalar masses.
3. Conclusions and Discussion
In this paper, we introduced a new scenario in which supersymmetry is bro-
ken by the F-term of a heavy right-handed tau neutrino with a nonzero VEV.
Supersymmetry breaking may be communicated to the observable sector by any
mediation mechanism in addition to the tau neutrino Yukawa coupling. Due to
the latter, supersymmetry is not broken in a hidden sector. The scenario has a
number of predictions which arise from the VEV of N3, leading to the effective (R
parity and lepton number violating) bilinear term in the superpotential, e.g. cor-
rections to the neutralino and chargino mass matrices, changes in the neutral and
charged currents and induced R parity violating interactions. However, there are
also predictions beyond those arising from the effective bilinear term, e.g. extra
contributions to scalar masses, new A and B-terms and quartic scalar interac-
tions. These new effects might be quite large for tanβ ∼ 25 − 45 (together with
M2 > 280 GeV). As a result, this scenario might be experimentally verified at the
LHC.
Clearly, in this paper, we did not thoroughly examine the implications of super-
symmetry breaking by the right-handed tau neutrino. Much more work needs to
be done in order to understand the viability of this scenario. First, the parameter
space of the scenario (together with that of the MSSM) should be scanned taking
into account as many experimental bounds as possible. Second, all corrections to
neutral and charged currents that arise from the new mixings should be computed
as functions of the parameters. Third, coefficients of all induced R parity violat-
ing trilinear terms, including those that are new and unconventional, should be
computed at different points in the parameter space. The corrections to the weak
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currents and the trilinear R parity violating interactions are expected to give rise
to many new processes that may either bound the parameters or experimentally
verify (or falsify) our scenario.
Assuming that we know all the corrections to the neutral and charged currents
together with all the induced λ and λ′ terms, there are a number of processes that
may verify our scenario. For example, due to the corrections to the neutral cur-
rents, the Z0 couplings to leptons are no longer universal. The Z0 decay rate into
taus is different from those into electrons and muons. Moreover, these corrections
are not left-right symmetric; as a result, the left-right asymmetry in leptonic Z0
decays is different for taus than for the other charged leptons. In addition, the
induced R parity violating trilinear terms give rise to lepton and hadron flavor vi-
olating decays that might be detectable in B-B¯ mixing, ∆mK and leptonic rare B
decays. Finally, due to R parity violation, LHC phenomenology is modified. Sin-
gle production of sleptons becomes possible even though the dominant production
mechanism remains pair production. In addition, supersymmetric particles may
decay directly into particles through the induced λ and λ′ interactions even though
cascade decays to the LSP through gauge interactions are dominant. In particu-
lar, as we mentioned in section 2.6, the LSP becomes unstable with an interesting
phenomenology.
In this paper, for simplicity, we assumed that only N3 6= 0 and FN3 6= 0,
i.e. supersymmetry is broken by only the right-handed tau neutrino. Clearly,
this can be easily generalized to the case with F-terms and VEVs for (two or)
the three right-handed neutrinos. In this case, all three charged leptons mix with
the charginos resulting in a 5 × 5 chargino mass matrix and all three left-handed
neutrinos mix with the neutralinos giving rise to a 7 × 7 neutralino mass matrix.
There are no strong bounds on the new F-terms, FN1 and FN2 , and they can be
as large as FN3 . However, there are very (relatively) strong constraints on the
VEV of Ne = N1 (Nµ = N2). For example, neutrinoless double beta decays give
rise to the bound y1N1 < 10
−4 yN3. Even for tanβ ∼ 45 for which yN3 can be
in the hundreds of GeVs, we find y1N1 < 10
−1 GeV which is very small. The
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decays of a massive neutrino by a virtual W boson gives the bound y2N2 < 1 GeV
for tan β ∼ 45 which is also quite small. These small values for y1N1 and y2N2
might be due to small VEVs, e.g. N1 ∼ 1 GeV and N2 ∼ 10 GeV or alternatively
due to very small Yukawa couplings, e.g. y1 ∼ 10−7 and y2 ∼ 10−6. It would be
interesting to generalize our scenario to the case with three nonzero FNi and Ni
and find out its generic predictions.
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